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111 the course of stiidii's on the nior])holo«> v of tlii^ Klii])idist ia 
(fossil fishes of tlie order rrossoptiu-yjrii) I liave foinid it ne(‘(‘s- 
sary to (uiquire into tin* systematies of eindain of tlie foians 
concerned, notably EctostiorhacJi is and M (galichthys (niemliers 
of tlie family Osteolepidae) . 

The name Ectosivorhachis was coined by Copi* (1S80) for 
material of a rlupidistian coIl(‘ct(*d in the Bennian “ i‘(*d-l)eds" of 
Texas. Co])(‘ descidhed the type species, Ecloshorharhis nil id ns, 
and later (188»1) a st*cond sjieeies, E, ciccro}u us, whieli In* dif- 
ferentiated from E. nifidus by the nature of the snrfai'e onia- 
mentation of the dermal bones of the skull. JIussakof ( Ihl 1 ) 
showed that the two forms actually bidon^' to tin* same sp(‘ci(*s. 
Until recently remains of Ectosicorhachis were rai*e, but now 
a considerable amount of material, partitudai'ly in tin* eoll(‘ctions 
of the ]\Iuseum of Comparative Zoology, is available for study. 
Ecfoslcorharhis has only h(*i‘n found in the Low(*r Pennian of 
the United States, and the jii'ineipal colh*etions have been made 
in the Wichita (li’oup (^loi-an to lh*lle Plains foi inations) ; a 
single jaw in the ]\Insenin of Comparative Zooloji:y was I’eeently 
collected in tlie Dunkard Ci'oup, Lower Permian, of Clarke 
Hill, Ohio. 

In 1891 Cope decided tliat his jz'cnus EctosU orlundiis was in- 
distin^uishabh* from the fonii known as M Kjaliiddhys'' — a 
common Cai‘bonif(‘roiis ^enus well known in tin* European Coal 
Measures. In moix* recent times i*e-study of Evlositorhachis, as 
Komer (1941) has noted, has led to the siip:^‘estion that this 
form is, after all, a distinct jienus. 94ie aim of this paper is to 
explore this view, by a coinpai’ative anatomical study of tin* two 
forms; as will h(* seen, tin* conclusion i‘(*aehed is that Evi- 
ostcorliachis shoidd be re-establislied as a valid <>‘(*nus. 

^^Mcgalichthys'^ is a i-hipidistian oc(‘m*rinji“ v(*ry eommoidy 
in the Carboniferous d(*posits of Enropi*, when* it is frefiuently 
found in the ironstone shales assoeiat(*d Avith Avoi‘kable coal seams, 
and less commonly in the Carbonifei’ous of North Ann*rica. Un- 
fortunately, there is considerabh* confusion concerning- the 
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nomenclature of this genus and at the end of this paper 1 have 
included a discussion of this problem. The name Me(jaUchthiji> 
throughout this study is used in the .sense of Smith-Woodward 
(1891) as is, in fact, the common usage of the name. 

Several species of Mcgalichthijs have been described; the 
discussion of the genus given below is based mainly on tli(^ 
structure of the type species M cgalichthijs hihhcrti Agassiz. 
Mcgalichthijs coccolcpi.^ Young, intcn}udiiis Woodward, laticcps 
Traquair, and macropoma Coi)e, hav(‘ been distinguished from 
9/. hibhcrti principally on the i-elative pro])ortions of the maxillae 
and gular ])lates and such distiiK-tions do not affect our pi*esent 
(lis('Ussion in any way. 

During this study, which formed part of my dissei*tation for 
the degi'ee of Doctor of Philosophy at Harvard University, 1 
have b(‘en greatly assisted by Professor A. S. Romer. I am also 
grateful to him for tlu‘ use of tlu‘ colleetions and facilities of the 
iMuseum of Comparative Zoology. 1 am indebted to Professoi’ 
G. (I. Simpson foi* his criticism of tln^ final section of this ])aj)ei‘. 
1 must also thank Dr. E. 1. White, Keeper of Palaeontology at 
th(‘ British iMuscnnn (Natural History), London, who allowed me 
to spend several weeks studying in his department during tln^ 
summer of 1962. ]\lr. H. A. Toombs of the British ]\Juseum 
(N’atui’al History) and Dr. C. D. Waterston of the Royal 
Scottish ^Museum, Edinburgli, have also given me assistance and 
advic(‘; T am particnlarly gi*ateful to the lattei’ for his efforts 
to id(uitify for nn* various sp(‘cim(‘us from the Hibbert Colh^ction 
in the Royal Scottish ]\Iuseum. 

Dr. B. S('haetfVi* of the American jMuseum of Xatui'al Histoi*y, 
Dr. D. Baird of Princeton TTiiversity, and Dr. lb P. Vaughn 
of the Pnivei'sity of California at Los Angeles have each loamul 
me specimens fi’om the colh*ctions of their various institutions. 

1 was the recipient of North Atlantic Treaty Organiza- 
tion Science Studentship 2 60/955 from I960 to 1968 and th(‘ 
d(‘tfri(‘s Wyman Scholarship at Harvard Pniversity during 
1960/1961 wliil(‘ I was engaged in this study. 

:\1ATE1HALS 

Th(‘ malcuhal of fJctostrorJiach is used in this study comes 
largely from the colleetions of the iMuseum of Comj)arativ(‘ 
Zoology and was colh‘cted in the 'La‘d-beds'’ of North Centi'al 
Texas (Wii-hita Grouj), Lowei* Permian). SjxM'imens, imhuding 
th(‘ holotyjie (Ain(‘ri(ain iUuseum of Xhitural History [AiMNH] 
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728D), AV(*re loaned to me l)v vai-ious instil lit ions as ac- 
knowledged above. 

Of the ^-eniis M ajalichth})^^, several s[)eciin(‘iis in tlu* iMiisiniin 
of Ooinparative Zoolo^’v (i\IOZ), inelndin^- material of the 
Xoi’th Amm'iean s])eeies M. uuicropowm, were ns(‘d in this study. 
However, the majority of the material studied is in tiie collec- 
tions of the I>ritish iMusiniin (Natural History) (I>i\IXH) ; this 
iindudes th(‘ speidmen ( P. 4251 (i) di'scribed by A^’assiz (1844) 
in his definition of the genus (see later for discussion of 
nomenclature) . 



ECTOSTEORHACHIS 

Dermal skull roof A As is the case in other Rhipidistia, th(» 
outer enamel and dentine layers of the dermal bones of tlie sknll 
of Ectosteorhachis, esi)ecially in the ethmoid i-egion, tend often 
to be fused into a single covering in such a M'ay as to obliterate 
any external indication of the sutures between separate bones 
(cf. Westoll, P)4()). However, in the collections of the iMusenm 
of Comparative Zoology, there are many specimens (especially 
MCZ 641)8, 6491), 8652, 8661 and 8668) from vdiich this outer 
layer has been lost due to the ]>rocess of weathering of the 
fossils. It has thus been possible to give a more complete descrip- 
tion of the pattern of the dermal hones of the skull of this 
genus than may be given for many genera of Osteolepidae. 

The only published figures of the skull of Ertosfeorhachis are 
those of Hussakof (1911), and of Cope and iMattliew (1915), 
but th(‘se show few details of the dermal l)One ]uittern. 

The premaxillary element in Ectosfcorhachis corresponds to 
the hone which in certain othei* Rhipidistia Jarvik (1942, 1944) 
has termed a ‘‘compound” bone, comprising a true pre- 
maxilla. a rostral element which encloses the ethmoid eommis- 
sure of the lateral line system, and f)robahly also the fii’st 
of the series of nasal bones. This element has been given the 
unwieldy name of “naso-i*ostro-jnTmaxilla. ” Jarvik (1942. ]). 
347) believes that the interpretation of such a unit as a ‘‘den- 
tigerous rostral” (cf. AVcstoll. 1936, 1937) is probably incorrect. 

The su})raoi*bital lateral line, anterior to the paidetal hone 
(“frontal” of Jai’vik), is borne uj)on a series of foui’ se|)arate 



1 Thronjrhont this papor tin* torminolojry nsod for tho various doriiial ('lemonts 
in tho skull will follow tho systoiu of .larvik (11)42. 11)44) with tho oxcoption 
of tho pnriotal and postpariotal hon<*s whioh aro tonnod by .larvik “frontal” and 
“pariotal,” rospooti voly. 
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nasal elements (Fig. 1) which probably represent a reduction 
from a row of six or seven nasals (cf. Osteolepis; Jarvik, 1948) 
of which the first has been incorporated into the premaxil- 
lary unit. 




Fig. 1. Eciosteorhachis. Diagrammatic reconstruction of the dermal skull 
roof in dorsal view. 



There is a pair of anterior postrostral bones and, posterior to 
these, a single median postrostral with, in some specimens, a pair 
of smaller postrostrals lying near its anterior margin, between 
the median postrostral and the second nasal element. 

The infraorbital lateral line is borne upon the lachrymal and 
thence directly on to the naso-rostro-premaxilla. There are no 
separate lateral or anterior rostral elements associated with it. 
The single external narial aperture is bounded by two small 
bones which have been termed the prenarial and postnarial 
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(Westoll, 1943). The homology of these l)Oiies will he discussed 
in a later section. 

B(‘cau.se of the ext(mt of the posti'ostral bones, the parietal 
bones occupy a relatively short part of the roof of the ethmoid 
region. There is no external parietal foramen. The dermo- 
sphenotics, postparietals, snpratemporals, and tabnlars are 
arranged in the normal rhipidistian way (Fig. 1). The dorsal 
margin of the oibit seems to be formed by two supraorbitals 
on each side (Fig. 1, ii.o.). 

The cheek plate (Fig. 2A). The cheek plate in Ectosteorhachis 
is made up of lachrymal, jngal, postorbital and s(pianiosal bones 
arranged in the normal rhipidistian manner. 




Fig. 2. Scheiiiatie reconstruction of the anterior cheek-plate region. 
A, Ectosteorhachis, B, M egnlichthys. 



The palate (Fig. 3A). I have only studied the ethmoid 
division of the palate. The only other rhipidistian in whicli 
the palate has been described in detail is Eusthenopteron 
(Jarvik, 1942, 1944, 1954), a rhizodontid. The palate of Ect- 
osteorhachis differs significantly from that of Eusthenopteron. 
The vomers of Ectosteorhachis are almost triangular in shape 
and do not quite meet in the midliue. Each vomer bears a pair 
of alternating tusks and an anterior ridge of marginal teeth. 
The parasphenoid seems to consist of two parts: the tooth- 
bearing ridge which reaches about halfway along the fiat ventral 
surface of the endoeranium, and a thin bony lamina which (as 
described by Komer, 1987) continues forward and lateral to the 
ridge. The whole is fused solidly to the endoeranium. The 
palato-quadrate complex is exactly comparable, as far as I am 
able to tell, with that described by Watson (1926) in 
Meejalichthys. 

The conformation of the endocranial i)art of the palatal aspect 
of the ethmoid division of the skull is shown in Figure 8A. 
A major point of interest is the configuration of the anterior 
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palatal recesses (F\g. 3A, a.pj\). These are shallow pits lying 
between the anterior margin of the enclocranium and the over- 
lying dermal bones ; they are separated from each other by 
posterior medial exiiansions of the premaxillary bones where 
each bone bears a stout tusk. AVhen the lo\ver jaws were oc- 
cluded (as seen in specimen MCZ 9830), these anterior recesses 
served to receive the tips of a pair of large tusks at the anterior 
ends of the lower jaw rami (ef. Thomson, 1962). 




Fif?. 3. Etlmioid region of tlie pnlate. Ventral view. A, KctostcorhachLs, 
B, Mcf/alicJithys, 



The lower jaws (Pig. 4, A, B, C; based mainly on specimens 
MCZ 8641, 8826, 8827). As may be seen in Figure 4A, the outei* 
aspect of the lower jaw does not differ greatly fi*om that of 
Megallchthijs (as figured by Watson, 1926). It is made up of 
the dentary and four infradentary elements — splenial, post- 
splenial, angular, and surangular. These elements are ap- 
jiroximately demarked by gi-ooves in tlie shiny continuous enamel 
covering on the dermal bones (Pig. 4A, f/r.). 
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Tho inner snrt’ae(‘ of the lower jaw is made np of tlie following 
elements: (hnitaiy, tlire(‘ (‘oi'onoids, j)i-eartienlar and aidieiilar 
(Fig. 4, l>, F). The (Unitary hone b(nu*s, at tin' anterior ti]) of 
the jaw, a large tnsk, rejilacnnl in an alternating manner (Fig. 
4, B, C, (LI.), and behind this a broad ridge — whi(4i 1 hav(* 
termed the crisla (Jcnfalis (Fig. 4, B, C, cr.d.). The erista 
dentalis is eoveinnl with small dentieh^s and secnningly sinwes to 
oeeliuh' with a ridge of te(4h on the antinnor margin of the 
vomei'. The erista d(nitalis is formed as an erdai’gement of the 
anterior rim of tin* anterior dentary fossa (Fig. 41>, a.d.f.) • — • 
a lai’ge pit foi* the reception of the vomerine tnsks. 

The preartienlar covers a large part of the inner surface of 
the jaw (Fig. 4B, pr.art.) and also plays a lai'ge role in the 
toi-mation of the jaw symphysis. A concave fa(‘et on each 






Fij?. 4. Ectosfeorhachis. Lower jaw. A, lateral view of the left rainns. 
H, inner view of right raimis. C, oeelnsal view of right ramns. 
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siirfaee of the symphysial region (Fig. 4B, s.ml).) must have 
contained a small mental bone such as has been described in 
many Rhipidistia. 

The gnlar series, as depicted by Ilussakof (1911, fig. 53), 
comprises a pair of principal gulars, an anterior median gular, 
and on each side a row of six lateral gulars. 

MEGALTCHTHYS 

Dermal skull roof. The dermal bones of the skull of Mega- 
lichthys have been described in part by many authors, but 
due to the problem of the coalescence of the outer layers of the 
dermal bones, many details, especially of the ethmoid region of 
the skull roof, have never been described. Miall (1884), Tra- 
quair (1884), Wellbourne (1900), Birks (1914), and Moy- 
Thomas (1935) have all added in some way to the original 
description of the skull by Agassiz (1843). Moy-Thomas’ figure 
of the skull (1935, fig. 1) is the most complete restoration. 
Holmgren and Stensio (1936, fig. 272 C) figured the anterior 
region of the snout of a specimen in the British I\Iuseum (Natural 
History), number P, 7875 (not P. 1878 as quoted by Holmgren 
and Stensio), a new drawing of which is presented here (Fig. 
6E). This specimen shows the arrangement of the dermal bones 
of the snout very well, since weathering of the fossil has exposed 
tlie sutures between the separate bones. 

There is some variability in the arrangement of the smaller 
elements in the snout region of Megalichfhgs. Figure 6 shows 
the ])attern of the dermal bones in six of the specimens (BMNH 
P. 7729, P. 7842, P. 7846, P. 7878, P. 7886, 21421) which have 
been used to derive viiat I consider to be the typical condition 
(Pig. 5). 

The premaxillary unit is a naso-rostro-premaxilla, as in 
Ectosfcorhachis. The supraorbital lateral line is carried from 
the parietal bone to the nasal area of the premaxilla by a rov’ 
of nasal elements, of which five seems to be the typical number 
(cf. PI. 1). Fusions of the nasals may occur (Fig. 6), most 
commonly between nasals 2 and 3, and nasals 4 and 5. 

Tile most anterior of the nasal elements on each side is a 
large bone which miglit be interpreted as being fused with a 
inoi*e median anterior postrostral bone (Fig. 5, a./u*2). Tliere is 
a pair of postei’ior postrostral bones winch may also merge 
witli nearb}' nasals (Fig. 6F). In certain cases a median posterior 
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j)Ost rostral bone may he j)resent between the postei’ior post- 
rostrals (Fi". 6F, m.pr.). 

The infraorbital lateral line passes direetly from the lachrymal 
to the naso-rostro-prcmiaxilla and has no eonnection with the 
bones surrounding the external naris. The ext(‘riial naris is 
bouiuhnl by two bones, an anterior pi’emirial bone whieh is very 
large, and a smaller postnarial (Fig. 5, pr.n., p.n.). 

The j)ari(‘tals ai’e i*elatively long, eom})ared with Eci- 
ostforhachis: they lack the external i)arietal foramen. With 
regard to the rest of the dermal skull roof 1 have been able to 
add little to Moy-Thomas’ description (1035). 




Fig. 3. McgaUchthys. Diagrammatic recoustriictioii of the dermal skull 
roof in dorsal view. 
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The cheek region (Fig. 2B). The arrangement of the 
lachrymal, jugal, postorbital and squamosal bones in the cheek 
region is essentially similar to that of Ectosteorhachis. 




J'ig. 0. A - F. Mcfnilichthifs. Ski'tclies of six showing armiigo- 

meiit of tlio dormal Bonos of tlio otlinioid division of the skull. Dorsal 
views. A, HMXH P. 7846; P>, U:\IN11 P. 7842; C, P>:\1NII P. 7729; D, 
P»MXll 21421; F, BMXII P. 7880; F, DMNH P. 7878. 
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The palate (Fi^^ 5B). The etliiiioid i*egion of tlie i)a]ate is 
remarkably similai* to that of hJctost( arhachis. In M cyalichtJnjs 
the anterior palatal I'eeess is also divided into two j)arts by the 
bases of the pi-emaxillai'y tusks, and in addition, by a short 
anterior j)rojeetion of the median segment of the anterioi* margin 
of the endoeiainiuin, whieh abuts against the pi'eniaxillae. (See 
Fig. 51^, a.c.c.) 

Tile tooth-bearing ridge of the jiai-asphenoid is long, reaching 
almost to the very tip of the (mdoeranium. It has not been 
possible to establish whether oi* not there is an anterolateral 
extension of the ])aras])henoid eorresiionding to that of Ect- 
osicorhachis. The vomei*s (Fig. dB, r.) are of roughly triangular 
shape; they apjiroaeh each othei- in the midline in the region 
of the tip of the parasphenoid. There is a pair of alternating 
tusks on each vomer; the anterior margin of the vomer is not 
strongly denticulate. 

The lower jaws. The lower jaw of Mcgaliehihys was deseribed 
by Watson (1926, figs. 37, 38) ; a few very minor modifications 
must be noted. 1 have been able to confirm, from specimens (e.g. 
nos. P. 7886-7888 in the Bi’itisli ^fuseum (Natural History), 
that there are three coronoid hones in Megalichihys (Watson 
had noted that the posterior of the two coronoids he figured 
might be double). The adductor fossa is rather wider, and the 
preart ieiilar bone somewhat more narrow than is shown in 
Watson’s figures. The crista dentalis is absent. 

The gular series, as depicted by ]\Ioy-Thomas (1935, fig. 3) 
for example, consists of a })air of principal gulars, an anterior 
median gniar, and six pairs of lateral gulars. 



DisrrssioN 



There can be no doubt that Ectosteorhachis and Mcgaliehihys 
are clos(‘l3" related and have evolved either one from the othei* 
or together from the same (Devonian) o.steoh^pid. Bystrov 
(1950) was of the ojiinion that M cgalichfh ys is a direct de- 
scendant of Osteolcpis. The jirineipal purj^ose of this study is 
to set down the diagnostic ditferenees between EctosUorhachis 
and McgalichthySy but in order fully to understand the character- 
istic features of these fishes it will be necessary to refer to the 
Osteolepidae of the Devonian. 

1 have not been able to bring to light any significant dif- 
ferences in the patterns of the dermal bones of the posterior 
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part of the skull roof between Ectostcorhachis and MegalichiJnjs, 
although both differ from the other Osteolepidae in having only 
two extraseapnlar bones. There are very characteristie dif- 
ferenees between the two genera in the pattern of the dermal 
bones of the ethmoid region — differences which, incidentally, 
help to clear up a twenty-year old confusion concerning the 
homology of the various bones in the narial region. 

The composition of the naso-rostro-premaxilla seems to be 
the same in both Ectosteorhachis and Megalichthys. The nasal 
series is essentially the same in both genera; the number of 
separate nasal elements may be reduced by fusions, but there 
seem to have been, basically, five nasals, excluding the one 
incorporated into the premaxillary complex. 

The parietal bones in Megalichthys are proportionately longer 
than in Ectosteorhachis; this seems to be associated with the 
cori*esponding increase in the size of the postrostral elements in 
the latter genus. The pattern of the postrostral elements seems 
to have been derived from that of a form such as Osteolepis (cf. 
Fig. 7A) in which there was but a single postrostral element 
situated between the rear nasals. In Megalichthys there is a 
pair of postrostrals in this position and the anterior nasal bones 
ai'e enlarged mesially. In Ectosteorhachis the anterior nasal 
bones are small and lie lateral to a pair of anterior postrostrals 
which have the appearance (cf. Figs. 1 and 5) of having been 
divided off from the mesial part of the anterior nasals of a 
form like Megalichthys. Posterior to these, in Ectosteorhachis, 
there is a single, median and large iiosterior postrosti*al bone 
corresponding exactly with the single postrostral bone of 
Osteolepis (cf. Figs. 1 and 7A). The arrangements of these 
bones in Ectosteorhachis and Megalichthys would seem to 
indicate that these genera have evolved independently from a 
Devonian ancestor; however, the judgment of Westoll eoncern- 
ing such bones is that they are anamestic bones and therefore 
of limited phylogenetic significance. 

In order to interpret the significance of the pattern of the 
bones ai'oiind the extenial naris it is necessary to refer to the 
arrangement of these elements in Osteolepis (Fig. 7A), as it has 
been described by Jarvik (1948). In Osteolepis the external 
naris is l)ounded ventrally by a single element — the lateral 
rostral -wliich is a true rostral element {sensu Jarvik), con- 
taining a segment of the infraorbital lateral line in its pas.sage 
from the lachrymal to the premaxilla. The external naris is 
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bounded by two small dermal bones, sonietiines fused into a single 
element, ^vllieh are termed the antei'ior teetals. These three 
eireumnarial bones fit in bed ween the nasal series and the com- 
pound premaxilla, l^osteriorly they are bounded by tlie 
lachrymal, which may slightly underly the lateral rostral, and 
the supraorbito-tectal, which lies between the posterior of the 
anterior teetals and the anterior of the two supraorbitals. 



7. A, Skull roof of Ostrolepls (from Jurvik, 1948, fij?. IGa). 11, 
Reytoratioii of the ethmoid division of the palate of a Devonian 
“ osteolepid. ” (Composite of Osteolepis and Glyptopomus.) 

The situation in the post-Devonian Osteolepidae is rather 
different. In Megalichtluja the external naris is bounded by two 
elements — a larger prenarial and a smaller postnariaP. As 
shown in Figure 5, the larger iirenaidal bone bounds the iiarial 
opening in front and it extends both dorsally and ventrally of 
the naris. There is no conneetion of tliis bone with the lateral 
line system. The postnarial is small and bounds the naris 
posteiaorly. The prenarial is bounded by the nasals, the naso- 
rostro-pi-emaxilla, the postnarial and the lachrymal. The post- 
nai'ial is bounded by the nasals, the anterior supi-aoi*bito-teetal, 
the laclirymal and the prenarial. The lachrymal bone makes 
contact with the premaxilla, and the infraorbital lat(‘ral line 
passes directly between these bones. 



lit should be noted that Westoll’s liffiires of the snout of Mcgnlichthys (1943. 
tig. 8, c and d), showing prenarial and postnarials of e(inal si/.e, seem to have 
been restored after the eondition in IJctosteorhachis. 
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In Ectostcorhachis the narial aperture is bounded by prenarial 
and postnarial bones having' exactly the same relations to tlie 
other bones of tlie ethmoid region as in MegalichtJt tjs. The pre- 
narial bone, however, is a small bone of the same size as the 
postnarial. The small size of the prenarials seems to be com- 
pensated foi* by the large size of the anterior postrostral bones 
which are not present in McgalicJdJtys, 

There is some confusion in the literature concerning the 
homology of these eireumnarial elements. Jarvik considers the 
situation in Osteolcpis to be primitive and has also concluded 
from his studies that the lateral rostral bone of this form cor- 
responds to the septomaxilla of the tetrapods (1942). Westoll, 
on the other hand, has considered the situation in McgalichtJnjs 
and Ectostcorhachis, with pi*e- and postnarial bones, to be 
l)rimitive. He believes that the postnarial bone, which he states 
to be typically present in all Khipidistia (1948, p. 90), is the 
homologue of the tetrapod septomaxilla. Westoll also considered 
that the lateral rostral bone of Devonian Osteolepidae and 
Rhizodontidae did not have a i)i*imary relationship with the 
infraorbital lateral line canal. 

All the evidence that 1 have collected during this study seems 
to indicate that Mcgalichthys and Ectostcorhachis have evolved 
from typical Devonian Osteolepidae, and the nature of the cir- 
cumnarial bones serves only to emphasize this view. Tlie position, 
shape and siz<* of the prenarial bone of Mcgalichthgs indicate 
that this element has been formed from the merging of a 
lateral rostral and the more anterior member of a pair of anterior 
te(4als of a form such as Ostcotcpis, so that the “new” element 
encloses the naris from in front. In Ectostcorhachis the pi*enarial 
is small and we may suppose the decrease in size as eomi)ared 
with Mcgalichthys is associated with a reduction of the antei’ior 
tectal component of the prenarial bone. Tlie nature of the pre- 
narial bone in Ectostcorhachis may thus be interpi-eted as 
evidence suggesting that this genus has been evolved from 
Mcgalichthys itself. 

The po.stnarial bone in both M< gatichthys and Ectostcorhachis 
S(‘ems to corrcs])ond to the more posterior of tht‘ antei'ior tei'tals 
of a form such as Ostcotcpis, whi('h, witli the shifting forwai’ds 
of the lateral rostral element, has moved ventrally to enclose the 
naris from behind. 

Although the ai’rangement of the eireumnarial bones in 
M (gatichthys and Ectostcorhachis may thus be considered to 
have been secondarily derived from that of Devonian forms, 
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the nmiie “i)iviiariar’ (Westoll, 1942) must l)i* retained for 
these two ^eiiei'a since it would be inaccurate to eonsid(‘r this 
elenuoit to represent solely the lateral rostral hone. Similarly 
the name “ pr(*f(‘rr(‘d to “antei*ioi* tecdal” 

sinc(* tiiis bone does not hav(‘ the same relations with the sur- 
rounding* hones as it do(‘s in the Devonian Osteolepidae. 

The sui)raorbital series was rarely preserved in tiie material 
available to me, hut seems to have* consisted ot' two elements as 
in most Rhipidistia (cf. Westoll, 1942). 

The check region. As sliowii in Figure? 2, the anterior part 
of the cheek ]*(‘gion is es.sentially tiu* same in both genera. The 
maxilla and sejuamosal are slightly longer in Eciosfeorhachiii 
than in Megaliehthya. 

The palate. The ethmoid division of the palate is very similar 
in the two genei*a (see Figure 2). Di\'ision of the anterioi* 
palatal recess into two portions is effected by an expanded part 
of the premaxilla on either side of the midline in Ectosteorhachis. 
In Megalichfhys there is, in addition, a short ‘'buttress’^ from 
the anterior part of the endocranium. 

The tooth-bearing j)art of the parasphenoid is much longer in 
M egalichfh ys than in Ectosteorhachis. In the former genus it 
reaches to the anterior tip of the endocranium and touches the 
median extremities of the vomers. In Ectosteorhaehis the tooth- 
l)earing ridge of the })arasi)henoid ends far posteriorly and there 
is no contact with the vomers. 

The anterior rim of the vomers in Ectosteorhachis is more 
prominently toothed than in M egalichth ys. 

The tower jaws. There' is little difference to be observed be- 
tween the two genera with I'cspect to the ontei* suidaco of the 
lowei* jaw rami. In Ectosteorhachis tlie grooves in the outer 
surface of the enaim*! contain ‘‘pit-organs'^ which aiv lacking 
in Mrgalichthys. 

With respect to the inner surface of the lower jaw rami, there 
are great(‘r differences between the two genera. The adductor 
fossa is longei’ and a little wider in Ectosteorhachis than in 
Mcgalichthys (in the former the adductor fossa takes u|) about 
four-tenths of the total length of the jaw; in Mcgalichthys 
about three-tenths). The crista dcmtalis, pr(‘S(‘ut in Eciosfco- 
rhachis, is lacking in Mcgalichthys. 

Comparison with other Osteolepidae. We have seen above 
that the ])attern of tlie deianal ])ones of the snotit of Ect- 
osteorhaehis and Mcgalichthys (the only non-Devonian members 
of the family Osteolepidae) may readily be derived from that 
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of a form such as Osteolepis; unfortunately the other Devonian 
members of this family are less well known (ef. Jarvik, 1948, 
1950). 

The palate of Glyptopomus as revealed in dorsal view only, 
has been described by Jarvik (1950, hg. 6). By combining 
details from this description and from specimens of Osteolepis 
in the Museum of Comparative Zoology (nos. MCZ 8737, 5875), 
I have been able to derive a highly tentative reconstruction of 
the ventral surface of the palate of an hypothetical generalised 
Devonian ‘ ‘osteolepid” (Fig. 7B). The vomers are of the roughly 
triangular shape seen in the later forms, and have a slightly 
wider i*egion of contact in the midline. The tooth-bearing ridge 
of the parasphenoid is very long and thin, extending along the 
whole length of the ethmoid endocranium. It is interesting to 
note the progressive shortening and broadening of the tooth- 
bearing ridge in the secpience “Devonian osteolepid” to Mega- 
lichthys to Ectosteorhachis. 

The crista dentalis seems to be a specialised feature of 
Ectosteorhachis. The only other genera in which it has been 
reported are P ancle rich thy s (Gross, 1941, fig. 22), which has 
a few small denticles in this position, and Lit opty chins (Denison, 
1951, fig. 46), which, although it has been described as a 
rhizodontid may thus have features in common with the 
Osteolepidae. 



CONCLUSIONS 

The results of this study have been to show that the l^ermian 
rhipidistian of North America known as Ectosteorhachis is gen- 
erically distinct from the Carboniferous genus known as Mcga- 
lichthys which occurs in both Europe and North America. 
The two genera are very closely related to one another and the 
evidence of the circumnarial bones in the snout seems to demon- 
strate that Megalickthys evolved from a Devonian osteolepid 
and that the genus Ectosteorhachis separated from Megalichthys 
at a later date. The evidence from the postrostral bones might 
be inter])reted as indicating that the separation between Mega- 
lichthys and Ectosteorhachis occurred before the pattern of 



iDoiiisoii dcsciilHMl LUoitt ijvliiuti ns n iiKMiihor oT tlio fnniily Uliizodonl 
Imt Orvig (‘xpn>sscd tli(‘ opiniun tlisit it is a iiw'inluT of tlio lloloptydiidno 

(basing liis argnnient on tli(‘ strnctiiro (>f the s(*ales). However, the syniphysial 
r(‘gion of the lower jaw of Litotjtifchiiis laeks the parasymphysial tooth whorls 
which are now (Jarvik, IIMJ'J) said to he typieal of the lloloptyehidae ami 
Porolepidae. 



THOMSON: MEGALICHTUVS AND ECTOSTEORTIACIIIS 



301 



(*l(^nu‘iits liad bec()Jii(‘ ; hut this is not l)orii(* out 

hy tile (eiiii)oral distrihutioii of the fossils. Tlu‘ ^•euus Me<ja- 
lirhthijs oeeiirs in tlie rarhoniferou.s of liotli Europe and North 
AiiK^riea, i)ut Ectostvorhachis has only been found in the Lower 
P(‘rmian of North Aiueriea. 

In partial suuiuiary of tin* anatoiiiieal evideuee (liseusscnl in 
the preceding i present amended ^-enerie diagnoses of 

M( galichthifs and Ectoslcorhachis. 

Order CIU)SSOPTER V(J II (^oi)e, I87i2 
Suborder Kill PI I) 1ST I A (^ope, 1887 
Family OSTEOLEl^I DAE Smith-Woodward, 1891 
(Jenus J\1i:gaL1CHTH VS Agassiz, 1843 

Type specie.^: McyaUchthys hibbcrti Agassiz, 1843. 

To the list of synonyms given by Smith-Woodward (1891) 
must be added: 

Purabatrachus Owen, 1853: Hay, 1902, p. 362; Berg, 1958, 
]). ! 12 . 

Carlukem Whitley, 1940, p. 242. 

Occurrence: Carboniferous of Europe and North America. 

Amendid diagnosis (ef. Smith-Woodward, 1891) : Dermal 
bones of the skull arranged as in Osteoh pis with the following 
exceptions. The external uaris is surrounded by a very large 
prenarial bone and a smaller postnarial bone. The lateral rostral 
bone is not present as an independent unit and the infraorbital 
lateral line eanal passes directly from the laelirymal bo]ie to tlie 
premaxilla. There are no independent anterioi* postrostral bones ; 
the posterior postrostral is paired. There is no parietal foramen. 
There are two extrasea j)ulars. The vomers are triangular in 
shape and bear two tusks replacing each other alteniately. The 
anterior margin of the vomer is not prominently tootluHl. T1 k‘ 
tooth-bearing ridge of the parasphenoid reaches as far ant(‘riorly 
as to touch the median tips of the vomers. All teeth are rounded 
in cross-section. 

The vertebrae are ossified as narrow rings and the neural and 
haemal arches are fully developed. 

The scales are more or less smooth and ])unetate. Tlie tail 
is heteroeercal, tending towards diphy(*ereal. The ])eetoral fins 
are set rather far back; their bases ai-e covered with scales, as 
are those of the pelvic fius. The anterior dorsal fin is set slightly 
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in advance of the pelvic fins and the posterioi* dorsal fin opposes 
the anal fin. 



]\Ii:GALicirniYS hibberti Agassiz, 1843 

Leetotypc (here selected^) : BMNH no. P. 42516. Skull and 
pin’tial trunk. 

Comments: 1 have no new information to add to Smith- 
Woodward’s diagnosis (1891) of this species. 

Genus EcTOSTEOKHACHIS Cope, 1880 

Type species: Ectostcorhachis nitidus Cope, 1880. 

Previous authors have thought that this genus is a synonym 
of the following : 

Meyalichthys Agassiz, 1843: Cope, 1891, p. 457; Ilussakof, 1911, 

p. 168. 

Parahatraehus Owen, 1853: Hay, 1899, p. 788; Hay, 1902, p. 

362; Berg, 1958, p. 92. 

Occurrence: Lower Permian of North America. 

Ayncnded diagnosis (cf. Ilussakof, 1911) : Dermal bones of the 
skull arranged in the manner of Osteolepis^ with the following 
exceptions. The uaris is surrounded 1)V prenarial and postnarial 
bones of ecpial size. There is no separate lateral rostral bone 
and the infraorbital lateral line pas.ses directly from the 
lachrymal to the compound premaxilla. There is a pair of 
anterior postrostral bones and a single, large, median posterior 
postrostral bone. There are two extrascapulars. The vomers are 
triangular with a pair of alternating tusks. The anterior margin 
of the vomer is prominently toothed. The tooth-bearing ridge 
of the parasphenoid does not reach so far anteriorly as to meet 
the median tips of the vomers, but ends at the level of the 
posterior wall of the nasal capsule. 

Th(‘ dentary bone of the lower jaw overlaps the preartieular 
bone in the symphysial region, as a denticulate ledge — the 
crista dentalis. 

The scales are smooth and juinctate. The tail is interni(*diate 
between the heterocercal and diphyeercal conditions. Tlie 
pectoral fins are set rather far back. The anterior dorsal fin is 
inserted in advance of the pelvic fins and the posterior dorsal 
fin op])Oses the anal fin. 



iSoc below, tliseiisshnt of iioiiienclature. 
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ECTOSTEORIIAnilS NITIDES CopO, 1880 

Type: A^IXIl no. 7^230. Skull and antoi ioi* scales. 

Diayuosis: As for tin* ^ciius. This is the only known sp(‘cies 
of Ectosteorhachis. 

THE X()MEX(diATri{E OF M EGALK'/fTIlVS 

The liistory of tlio iionieiiclat iir(‘ of tlie j^eiin.s M( (jalkhthys is 
I’ather complicated. The j^cnins was named l)y Agassiz in a papei* 
(llibbert, 183ob) i)ublished by Ilibbeid in 1830 ' foi* remains 
of a large “saiiroid” fish tliat had been discovered in the 
Carboniferous limestone ([iiarry at Hurdielioiise near Edinburgh. 
The remains of this ‘Marge fish” liad been previously mentioned 
in various contexts (such as the report of llibbert to the Geolog- 
ical Section of the Britisli Association for the Advanccnmnit of 
Science, in 1834 [published 1835], and in Agassiz's address to 
the same meetings). But these instances do not constitute 
definite “indication” in the sense of the 11161 International 
Code e)f Zoological Xonienclature. llibbert 's was the first 
scientific account and the first proper description. 

The remains consisted of some large teeth, some smaller 
teeth, and scales of assorted sizes. These specimens had been 
shown, during the 1834 British Association meetings, to Agassiz 
who was then in Great Britain collecting material for his “Pois- 
sons Fossiles.” At the time there was a controversy in scientific 
circles about whether such remains were sanroid (i.e. resembling 
reptiles) or mnvlan (actually pertaining to reptiles). Agassiz 
and Buckland deeidinl to settle the matter and, subsecpiently 
visiting various public museums in England, they found in 
the Leeds ^luseum a rather complete head and part of the trunk - 
of a sanroid fish from the Yorkshire coalfields. This, they 
decided, was identical with tin* Burdiehouse material. The prob- 
lem of the nature of the Burdiehouse remains was thus so1v(m 1 
and ”... after ^I. Agassiz had . . . established that tbes(‘ teeth 
and certain other osseous remains of Burdiehouse belonginl to 
a sanroid fish ... he considered it as a new genus to which he 
gave the name of Meyalichihys : and to the species found at 
Burdiehouse ho added the name of MeyalichthyH hihherti/^ 
(llibbert. 1835b, p. 202.) 



1 Volume 13 of tho Transnetions of tlie Royal Sooioty of ErtinburKlJ. wliero tho 
papor appoarod, was issued between 1.S34 and ISSf). llibbert’s paper (acrordinK 
to Neave, 11)40) was published in Fei)niary 1S3.*). Most authors (e.^^. Smith- 
Woodward, 181)1) have given the date as 18.36. 

2 Now in the Uritish Museum (Natural History) No. P. 42316. 
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Floming in October 1835 described some remains ^ of Mcga- 
Uchthijs hihbcrti- under the name of Ichthyolifhiis clack- 
m((nc'}isis. 

In 1837 Sir Philip Grey Egerton, in a revised catalogue of the 
collections of himself and Lord Cole, uses the name II oloptij chins 
hihhcrii in addition to the name McgaUchthys hibbrrtii^ for 
specimens in his possession from Burdiehouse. Egerton cites 
‘‘Ag^issiz mss’’ as his authority for the former name. Also in 
1837, Bnckland uses the names Iloloptychus ^ and Mrgalichthys 
and the authority for this, althougli not stated, was probably also 
“Agassiz mss” since most of Agassiz’s friends in Britain seem 
to have had access to Agassiz’s notes and intentions in advance 
of publication. 

Buckland, however, has confused the picture somewhat: in 
the text of his work (1837, voL 1, p. 275) he states that ''plate 
27, figures 11, 12, 13, 14, represent teeth from . . . the fishes 
. . . referred by ^1. Agassiz to a new genus Mcgalichthys/^ In 
the exi)lanation of the plates appearing in volume two of the 
same work Buckland states that "plate 27, figures 11, 13, 14” 
are Iloloptychus (sic) hibberfi and "figure 12” is Megalichihys 
hibbcrii (p. 43). The acknowledged source of the figures is 
Ilibbert’s (1835) treatise. 

Whatever the reason for this confusion, and regardless of 
what Buckland actually intended to state, the fact remains that 
someone, probably Agassiz himself, had recognised that the 
Burdiehouse remains represented two different fishes. In 1840 
Owen made this distinction formal by applying to the larger 
teeth from Burdiehouse the new generic name Bhizodus. But 
Owen states that the new genus Bhizodus is named to replace 
Ilolopiychins hibbcrii Agassiz, and presumably, since Owen did 
not name a type species of Bhizodus, he assumed it would simply 
take over the specific name of Iloloptychius'' hibbcrii Agassiz. 
Unfortunately, Owen’s authority for the latter name must have 
been an unpublished Agassiz manuscript for the name does not 
a])pear in “Poissons Possiles” until 1843, when Agassiz merely 
cites the name, in a list, as ^^Ilolopiychins hibbcrii Owen 
( Bhiz(HJus), Bnrdiehouse.” The specimens concerned are the 



1 Now in tho Royal Scottish Miisciiin, Edinlmrfih, No. 11)50. :iS.r>S. 

~ Mvijallch Ih ifn"' in tlio scnso of tliis pajicr. 

3M'lio sindliiiir of the spccitic name hibhern or hibhertii seems to have varied 
with the preference of the author. 

4 Apparently a misprint for Ilolopl i/iUiiuti. 
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lar^e and scale's from Bnrdiehoiisc (figured by Ilibbert 

and I>uekland, see Table 1) as well as the specimen figured by 
Owen (locality unknown). 

Agassiz finally (1843) described the ‘OiCeds Head” specimen, 
as it ha.s become known (and otln'i* material whieli lu' (‘onsidei’cd 
to belong to the spe'cie's M. falcdtns), but he did not nu'ntion 
whether or not he still consid(U‘d any of the Ibii’diehouse material 
to b(*long to the genus M ( (jalirhiJnjs. I n fact he states oidy that 
the localities of McyaJichihys are numerous, ”on en a deconvert 
dans le pays de Galles, dans les enviroim de ^Manchester, pres 
de Stafford et dans les environs de Glasgow.” This list may 
by no means be considered complete, since the actual specimen 
Agassiz was describing came fi’om Yorkshire. 

In 1853 Owen described as a new amphibian, Parahatrachn!^ 
cold, a specimen which later (Young, 18G8) was shown to be 
the maxilla of Mcgalichfhys Jiihhcrti (scnsii Agassiz). 

i\l ’Coy (1855) seems to have been the first to realize the 
anomaly in the nomenclature of Rhizodns and MerjaUchthua. 
He noted that, in disregard of the facts of the case, the ‘‘Leeds 
head” was considered to be the type of Mcgalichthijs hihherii 
and the Bui'diehouse specimens were considered to belong to 
Rhizodns hihherii. M’Coy decided “against my better judg- 
ment” to “leave it as it is.” 

Thei*e is little doubt that the name McgalichfJnjs was originally 
intended to describe the “big-fish” of Rurdiehouse which is now 
known as Rhizodns. However, there is similai'ly no doubt that 
when Ilibbert used the name Mcgalichthijs hihherii he meant it 
to apply to the Rurdiehouse remains — the “teeth and certain 
other osseous remains” mentioned above, and these remains, 
which included both "'Rhizodns^’ and Mcgalichthijs'’ were 
the true types of Mcgalichthijs hihhcrti Agassiz in Ilibbert 1835. 

Thus Traquair (1884) noted that the Rurdiehouse materiaP 
still remaining in the genus Mcgalichthijs lias priority concern- 
ing the specific name hihhcrti, but, having concluded that the 
Rurdiehouse remains of M cgalichthijs are ‘‘different specifically” 
from tile “Leeds head” speeimen, and acquiescing to the popular 
conception that the latter forms the type specimen of Mcgalich- 
ihijs hihhcrti, he des(U*il)ed the Rurdiehouse M cgalichthijs 
with the aid of new material collected there by Hugh Miller, as 
the new species Mcgalichthijs laticcps. 



i“SeaIos 11 nd honos . . , actually figured iimler that name hihhcrti) alonfj 
u'ith (my italics, KST) remains of Rhizodus by Dr. Hibbert** (Tratiuair. 58 S 1 . 
p. 118 ). 
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The position taken by M’Coy and Traqiiair has been accepted 
by Smith-Woodward in his ‘‘Catalogue of Fossil Fishes’^ and 
by many siibsecpient authors (not, liOAcever, by all, see Hay, 
1902; Jordan, 1923; Berg-, 1958). 

There seems no merit in proposing that Rhizodns hibherti 
Owen be renamed McgaUchfhijs Inbbcrii Agassiz in llilJiert 
1835; similarly there seems no merit in the proposition that the 
genus now known as M e (jali chili ys Agassiz 1843 be renamed 
Rarabatrochu.s Owen 1853, with type species clack nianensis 
Fleming 1835. The common usage has remained unchanged since 
at least 1855, and has been adopted by no less authorities than 
Agassiz himself and Smitli-Woodu^ard. L propose, therefore, to 
invoke Kule 23b of the International Code of Zoological Nomen- 
clature, and formally to re(piest the Commission to stabilise the 
status quo of Smith-Woodward’s ‘‘ C’atalogue” (volume 2, 1891) 
on the subject. I propose that the “Leeds head” (B^IXII no. 
P. 42516) be adopted as the lectotype of MegalicJithijs hibberti 
Agassiz 1843, and that the large mandibular tooth figured by 
Ilibbert (1835b, pi. 9, fig. 2) nOAV in the Boyal Scottish Museum 
(no. 1950.38.63) be adopted as the leetotype of Rhizodns hibbeidi 
Owen 1840, in place of the specimen originally figured by Owen 
and which is now lost. 

As a summary of the history of the nomenclature of the 
Burdiehouse specimens, 1 have drawn up the following table : 



Table 1 

Tlie Burdiehouse speeiniciis 

All originally descril)cd by Ilibbert (1835, pi. 8, figs. 1 to 6, pi. 9, 
tigs. 1 to 10, pi. 10, figs. 1 to 3, pi. 11, figs. 2 to 8) as Mcgaliehthys hibherti 
Agassiz. 



now known as Bhizodns 

1. Egerion (1837) from Agassiz 
VIS ‘ ‘ Ilotnpf ifchiu.s hiht)cvU' ' 

2. Biiokland (1837, pi. 27, figs. 11, 
13, 14, from Ilibbert, 1835, pi. 9, 
figs. 2, 3 and 8) as ^ ' Jlolopt ychus 
hibherti ’ ’ 

3. Agassiz (1843) as '^Tlolopty- 
eh i )is hibberti Owen, (B h izod us ) ’ ’ 

4. VI ’Coy (1855) as “ Bhirjodiis 
hiJjberti ’ * 



0. Smith Woodward (1891) lists 
tlibl)ortVs pi. 8, fig. 1, pi. 9, figs. 
2, 3, 9, 10, as ''Bhizodus iiib- 
berfi"; Ilibbert ’s pi. 8, fig. 2 as 
* ‘ Bhirodus oruatus ’ ’ 



now known as Mcgaliehthys 
Egerton (1837) from Agassiz 
(1835) * ^ Mcgaliehthys hibbertii'* 
Bnekland (1837, j)l. 27, fig. 12 from 
Ilibbert, 1835, pi. 9, fig. 10) as 
' ^ Mega Jichth ys hihb ert i ’ ’ 

Agassiz (1843) ns * " Megaliehthys" 

VUOoy (1855) as ^'Bhizodus hib- 
berti * * 

Tracpiair (1S84\ jietnal speci- 
mens not cited. Renamed ^‘Mrgo- 
lichthys laficeps" 

Smith-Woodward (1891) lists Ilib- 
bert ^s ])1. 11, figs. 2 to 8, as 

‘ - M egati eh t h ys lati ceps ’ ’ 
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